Although papillary thyroid carcinoma (PTC)-type nuclear changes are the most reliable morphological feature in the diagnosis of PTC, the nuclear assessment used to identify these changes is highly subjective. Here, we report a noninvasive encapsulated thyroid tumor with a papillary growth pattern measuring 23 mm at its largest diameter with a nuclear score of 2 in a 26-year-old man. After undergoing left lobectomy, the patient was diagnosed with an encapsulated PTC. However, a second opinion consultation suggested an alternative diagnosis of follicular adenoma with papillary hyperplasia. When providing a third opinion, we identified a low MIB-1 labeling index and a heterozygous point mutation in the KRAS gene but not the BRAF gene. We speculated that this case is an example of a novel borderline tumor with a papillary structure. Introduction of the new terminology "noninvasive encapsulated papillary RAS-like thyroid tumor (NEPRAS)" without the word "cancer" might relieve the psychological burden of patients in a way similar to the phrase "noninvasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTP Pathology and Translational Medicine 2019; 53: 136-141 https://doi.org/10.4132/jptm.2018.12.07 ▒ CASE STUDY ▒ A subset of thyroid tumors was classified as borderline/precursor tumors in the fourth edition of the World Health Organization (WHO) Classification of Tumors of Endocrine Organs.
A subset of thyroid tumors was classified as borderline/precursor tumors in the fourth edition of the World Health Organization (WHO) Classification of Tumors of Endocrine Organs. [1] [2] [3] This categorization was based on evidence from more than 150 publications on noninvasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTP) and accompanied by a discussion of the incidence, diagnosis, and prognostic implications of this terminology in Nikiforov et al. 4 However, these borderline thyroid tumors were defined only as encapsulated tumors with a follicular growth pattern, a category that included hyalinizing trabecular tumor (HTT), follicular tumor of uncertain malignant potential, well-differentiated tumor of uncertain malignant potential (WDT-UMP), and NIFTP. [1] [2] [3] Because papillary microcarcinoma was proposed to be renamed as papillary microtumor (PMiT) by thyroid experts, 5 there would be no reason to restrict borderline/precursor tumors to the follicular growth pattern.
Papillary thyroid carcinoma (PTC)-type nuclear changes are the most reliable morphological features in the diagnosis of PTC. However, the nuclear assessment used to identify these changes is highly subjective. 6 In particular, the threshold for rendering a diagnosis between follicular adenoma (FA) and encapsulated follicular variant of PTC (FV-PTC) has varied greatly among pathologists. 7 This issue is not restricted to folliculargrowth patterned tumors. Issues with diagnosis using a nuclear assessment have also been seen in other cases. For example, the main differential diagnosis of encapsulated conventional PTCs is FAs with papillary hyperplasia, 8 and distinguishing between these two types of tumors poses a challenge similar to that of differentiating encapsulated FV-PTCs from FAs.
CASE REPORT
In September 2016, a 26-year-old man with no past medical history was found to have a nodule at the left lower lobe of the thyroid gland by palpation during an annual medical checkup exam. The patient visited our outpatient clinic at Enshu Hospital for further evaluation. There was no family history of thyroid disorders. Thyroid function tests indicated that the patient had euthyroid status with normal thyroid stimulating hormone (4.18 mIU/L; reference range, 0.50 to 5.00), FT4 (16.5 nmol/L; reference range, 11.6 to 21.9), and FT3 levels (4.7 pmol/L; reference range, 3.5 to 6.6) as measured by Elecsys (Roche Diagnostics K.K., Tokyo, Japan). Serum thyroglobulin was 18.7 μg/L (reference range, ≤ 33.7) and anti-thyroglobulin antibodies were undetectable. B-mode ultrasonography (US) revealed a hypoechoic, heterogeneous nodule 23 mm at its largest diameter with a slightly jagged border (Fig. 1A) . Color Doppler US showed increased intranodular vascularity. Although fine-needle aspiration cytology (FNAC) showed a benign cytological diagnosis, the patient preferred to undergo a left lobectomy of the thyroid rather than continuing with an annual US follow-up. Unexpectedly, the nodule was diagnosed as an encapsulated PTC on histology by a local pathologist. However, when a second opinion was obtained, the nodule was diagnosed as a FA with papillary hyperplasia because of the lack of well-developed PTC-type nuclear features. To determine whether he would benefit from additional resection (completion thyroidectomy), cytological specimens and stored formalin-fixed, paraffin-embedded tissue blocks were analyzed in a third opinion consultation.
FNAC revealed a number of crowded groups of follicular cells with slight nuclear enlargement and mild nuclear overlapping (Fig. 1B) . Diagnosis by the doctors providing a third opinion was high-risk indeterminate nodule (follicular neoplasm). The cut surface of the left lobe obtained from hemithyroidectomy demonstrated a well-circumscribed solid tumor. A low-power view showed an encapsulated nodule comprising two types of papillary lesions: one covered with follicular cells containing small hyperchromatic nuclei (adenomatous nodule-like lesion) and the other covered with larger follicular cells having large nonhyperchromatic vesicular nuclei (Fig. 1C, D) . Only a trace amount of follicular pattern was noted in this tumor. In highpower view (Fig. 1E, F) , the second type of papillary lesion showed nuclear enlargement, irregularity, elongation, and overlapping as well as a few nuclear grooves. Nuclear pseudoinclusions were absent and chromatin characteristics were insufficient. As PTC-type nuclear features were equivocal (with a nuclear score of two according to Nikiforov et al., 4 the doctors providing a third opinion consultation did not endorse the previously suggested diagnoses of encapsulated PTC and FA with papillary hyperplasia. Additionally, these pathological findings did not fulfil the diagnostic criteria for new borderline tumor entities (i.e., NIFTP and WDT-UMP) according to the WHO classification, which not only are intended to be applied to encapsulated follicular-patterned lesions, but also have exclusion criteria that included the papillary growth pattern. [1] [2] [3] [4] 9 Immunohistochemical analysis demonstrated that the adenomatous nodule-like lesion, papillary-patterned lesion with equivocal PTC-type nuclear features, and the surrounding thyroid tissue were all negative for cytokeratin 19 (clone b170, Novocastra, Newcastle upon Tyne, UK) ( Fig. 2A ) and BRAFV600E (clone VE1, Spring Bioscience, Pleasanton, CA, USA) (Fig 2B) . The MIB-1 labeling index was estimated to be approximately 1%-2% in all three tested tumor areas (clone MIB-1, Dako, Glostrup, Denmark) (Fig. 2C) . Subsequent mutational analysis of KRAS, NRAS, HRAS (codons 12, 13, and 61), BRAF (exon 15), and TERT promoter (C250T and C228T), as described previously, 10 demonstrated that none of the three tissue samples had the BRAF mutation or the TERT promoter mutation. Interestingly, a heterozygous point mutation in exon 2 of the KRAS gene (GGT to GCT) resulting in the replacement of glycine with alanine at codon 12 (G12A), was detected in tissue samples from both the adenomatous nodule-like lesion and the papillarypatterned lesion (Fig. 2D) . In contrast, the surrounding thyroid tissue was found to contain wild-type KRAS. Therefore, the nodule was found to be a clonal neoplasm but not a non-neoplastic (hyperplastic) nodule. NRAS and HRAS mutations were not detected in any of the three tumor areas.
After completing the tests described above, we speculated that this tumor (noninvasive encapsulated papillary thyroid tumor with RAS mutation) may be an example of a novel borderline tumor with papillary architecture, which does not qualify as either NIFTP or WDT-UMP under the current WHO criteria. The patient decided not to undergo additional surgery and developed no recurrence or distant metastasis during 24 months of follow-up.
Prior to June 2017, the Institutional Review Board of the Enshu Hospital waived the need for ethics approval when only archived tissue specimens were used in a retrospective manner. This study was performed in accordance with the principles of the Declaration of Helsinki. Written informed consent was obtained from the patient for the publication of this case report.
DISCUSSION
We report an encapsulated thyroid tumor with a papillary growth pattern, nuclear score of 2, and a KRAS mutation. The patient underwent surgery for a supposedly benign thyroid nodule that was initially diagnosed as an encapsulated PTC by a local pathologist but then as a FA with papillary hyperplasia by a second opinion consultation. Our third opinion diagnoses were high-risk indeterminate nodule (follicular neoplasm) based on FNAC, and borderline/precursor tumor based on histological findings. These discrepancies likely exist due to equivocal PTCtype nuclear changes, as NIFTP and WDT-UMP generally fall into one of the indeterminate diagnostic categories by preoperative FNAC. 2, 3 This study further reports that this tumor is not a BRAFmutant tumor, but rather a clonal tumor with a RAS mutation. A RAS-mutant tumor became its own category when it was separated from conventional PTCs with a dominant papillary growth pattern featuring a BRAF-positive profile. 4 There are PTCs in the literature that have been reported to have RAS mutations that were diagnosed as either invasive encapsulated or noninvasive encapsulated FV-PTCs. [11] [12] [13] There are no detailed morphological studies of noninvasive encapsulated conventional-type PTC with a RAS mutation, and there are no available prognostic analyses. Recently, Radkay et al.
14 investigated the cytopathologic features of common RAS mutation subtypes NRAS, HRAS, and KRAS. Out of 204 RAS-mutant thyroid tumors, 24 cases (11.8%) had KRAS mutations like the one reported here. Although the surgical resection specimen demonstrated conventional PTC in two cases, detailed information on either the presence of capsulation or the degree of PTC-type nuclear changes is not available. From a review of The Cancer Genome Atlas (TCGA) study database, 12 we identified four cases of PTC with KRAS mutations. Papillary growth pattern or classic type PTC was recorded in two of those cases. Case 1 (TCGA-EM-A4FV) was diagnosed as invasive encapsulated PTC. The disease was stage N0 and the patient was disease-free 12 months postoperatively. Case 2 (TCGA-BJ-A0ZE) was diagnosed as invasive follicular variant PTC but not classic type PTC and was stage N0. The other two cases with KRAS mutations were FV-PTCs. Further studies are needed to evaluate the biological and clinical characteristics of noninvasive encapsulated tumors with a papillary growth pattern and KRAS mutations, although the frequency of such cases seems to be rare based on a survey of the current literature. 12, 14 Two important histological findings (encapsulated and noninvasive) and two clinical parameters (no metastasis at diagnosis and no recurrence after a long-term follow-up) are used for borderline tumor classification (i.e., HTT and NIFTP). 1, 3, 4 Although our case demonstrated three out of four features (encapsulated, noninvasive, and no metastasis at diagnosis), the absence of recurrence after a long-term follow up is still unknown. Because of the expected low frequency of this disease, we propose that an international working group be created to confirm the extremely low grade or biologically benign nature of a possible novel subtype of borderline tumor with a papillary structure. This pro- After the introduction of borderline thyroid tumors in the latest WHO classification, [1] [2] [3] pathologists have three choices for the characterization of thyroid tumors with a follicular growth pattern: benign, borderline, and malignant. For papillary thyroid tumors, pathologists are still forced to select from either benign or malignant, which may cause significant observer variation in the diagnosis of thyroid carcinomas like the one presented in this report. Welch and Black estimated the probability of overdiagnosis of thyroid cancer to be more than 99%. 15 Therefore, the introduction of borderline tumors in papillary-patterned lesions is an urgent issue to reduce the overdiagnosis and overtreatment of indolent thyroid tumors.
The modified initial risk stratification system, published by the American Thyroid Association (ATA) in 2016, 16 was incorporated into the 2017 WHO classification. [1] [2] [3] In contrast, borderline tumors were still listed as "cancer" with a very low risk of structural disease recurrence (< 2%) in the 2015 ATA management guideline. 16 These low-risk tumors include (1) papillary microcarcinoma, proposed as PMiT by thyroid experts; 5 (2) intrathyroidal encapsulated FV-PTC (the majority of which have been downgraded to WDT-UMP or NIFTP when they are found to have no definite invasion); and (3) a < 4 cm intrathyroidal BRAF wild-type PTC. 17, 18 In addition to these three options, there is potential for more borderline/precursor thyroid tumors with a very low risk of disease recurrence after complete excision. Since there would be no reason for restricting borderline/precursor tumors to the follicular growth pattern, we suggest an extension of the classification for novel borderline tumors with a papillary growth pattern. Prior to the introduction of the borderline tumor category by the 2017 WHO classification, our group proposed a new prognostic classification of thyroid tumors, in which extremely low-risk tumors with both follicular and papillary architectures were grouped into borderline/precursor tumors. 19 Accordingly, we propose a new term to relieve the psychological burden of patients: "noninvasive encapsulated papillary RAS-like thyroid tumor" (NEPRAS).
For providing simplified and reproducible diagnostic criteria for nuclear features, Nikiforov et al. 4 developed a three-point scoring scheme, in which each category of nuclear feature is assigned a score of either 0 or 1, yielding a summation nuclear score of 0-3. A score of 0-1 is diagnostic of a benign nodule, whereas a score of 2-3 is required for diagnosing PTC-type nuclear changes. Since even delicate nuclear changes (for example, a score of two, as presented in this case) led to a categorization of PTC-type, the introduction of the borderline category in papillary growth pattern tumor classification could reduce the overdiagnosis and overtreatment of patients with indolent thyroid nodules. We would like to propose that tumors be diagnosed as FA with papillary hyperplasia, NEPRAS, and encapsulated PTC when nuclear scores are 0-1, 2, and 3, respectively. As a consequence, a subset of FAs with papillary hyperplasia and encapsulated PTC could potentially be up-or down-graded to NEPRAS. RAS mutations were reported to correlate with significantly less developed PTC-type nuclear features and indolent clinical behaviours, 20 indicating that the molecular profile of tumor cells may also play an important role in determining borderline tumors with a papillary growth pattern.
In conclusion, we report significant observer variation in a noninvasive encapsulated papillary growth-patterned tumor of more than 1 cm in diameter with a nuclear score of 2 and a KRAS mutation. Although further studies are required, we believe that the introduction of a borderline tumor classification for tumors with papillary structure would affect the psychological and clinical consequences related to the diagnosis of thyroid tumors.
